Purpose -The Internet of Things (IoT) is used in the fresh agricultural product (FAP) supply chain, which can be coordinated through a revenue-sharing contract. The purpose of this paper is to make the three-level supply chain coordinate in IoT by considering the influence of FAP on market demand and costs of controlling freshness on the road. Design/methodology/approach -A three-level FAP supply chain that comprises a manufacturer, distributor, and retailer in IoT is regarded as the research object. This study improves the revenue-sharing contract, determines the optimal solution when the supply chain achieves maximum profit in three types of decision-making situations, and develops the profit distribution model based on the improved revenuesharing contract to coordinate the supply chain. Findings -The improved revenue-sharing contract can coordinate the FAP supply chain that comprises a manufacturer, distributor, and retailer in IoT, as well as benefit all enterprises in the supply chain. Practical implications -Resource utilization rate can be improved after coordinating the entire supply chain. Moreover, loss in the circulation process is reduced, and the circulation efficiency of FAPs is improved because of the application of IoT. The validity of the model is verified through a case analysis. Originality/value -This study is different from other research in terms of the combination of supply chain coordination, FAPs, and radio frequency identification application in IoT.
Introduction
Fresh agricultural product (FAP) is a special type of perishable product that has a random life cycle and with a demand that is affected by freshness. Approximately 500 million tons of fresh fruits, vegetables, and nuts are produced annually and represent a large, important, and expanding industry. Approximately 25-30 percent of the total production is discarded after harvest because of problems during circulation (Donis-González et al., 2014) . Approximately 12 million tons of fruits and 13,000 tons of vegetables are wasted in China annually; the postpartum loss rate of fruits and vegetables is as high as 25 percent and the economic loss is over 15.4 billion dollars (Lin and Fan, 2014) . The transport of FAPs faces problems, such as large losses, low efficiency, and high cost. These issues have attracted considerable attention from all sectors of society.
The FAP supply chain is different from the general supply chain with regard to the freshness of agricultural products. With the reduction of freshness, although the product has not been completely spoiled, its value and market demand will continue to decline. The FAP supply chain considers the product freshness and proposes higher requirements for the storage, transportation, processing, and other aspects of the product, compared with the general supply chain. The research of radio frequency identification (RFID) in the field of supply chain focuses on information sharing and product security; however, the influence of freshness on the supply chain decision and the control of freshness in the actual production are not considered. Moreover, mastering the real-time information change of product freshness, the relationship between freshness control cost and freshness, and the effect on the optimum freshness are ignored. These limitations lead to the inability of the research results of the general supply chain to be directly applied to the FAP supply chain. Therefore, this study introduces the concept of the Internet of Things (IoT); proposes high requirements for the production, transportation, quality and safety management, and traceability of FAPs; and explains the process of obtaining freshness information and controlling freshness based on the operation mode of the three-level supply chain. Furthermore, this study proposes the strategy of supply chain coordination under the environment of the IoT, which is useful for the application of the IoT technology in the supply chain management of FAPs. This strategy has theoretical and practical significance.
IoT can combine technologies, such as RFID, sensors, and the internet, to realize intelligent identification and management, thereby providing significant opportunities in developing the FAP supply chain (Hong et al., 2011) . Gunasekaran et al. (2016) investigated the effect of big data and predictive analytics assimilation on the supply chain and organizational performance from the resource-based view. The characteristics of the FAP supply chain in IoT include seamlessness between upstream and downstream enterprises in the supply chain, information sharing, strong ability to resist risks, ideal supply chain system, few redundant links in the supply chain, and high organization (Verdouw et al., 2016) . As a related technology of IoT, RFID may obtain and intelligently control temperature and humidity during transport (Yan et al., 2015) ; this approach can effectively reduce the FAP losses and is a key point for following and reviewing agricultural products (Yu and Nagurney, 2012) . Furthermore, IoT also connects devices with the internet or sensor networks to achieve intelligent management, such as temperature and humidity 1843 Three-level supply chain coordination monitoring, transportation tracking, and timely regulation control. Therefore, the FAP supply chain, which is closely combined with IoT, is an important development trend in the future.
Literature review
An increasing number of scholars have focused on the FAP supply chain, supply chain coordination, and supply chain management in IoT.
FAP supply chain
The FAP plays an important role in people's daily lives, and whether the FAP supply chain is good or not is closely related to the happiness of the people. Therefore, many scholars have conducted in-depth research in this area (Ahumada et al., 2012; Cai et al., 2013; Narsimhalu et al., 2015) . Nahmias (1982) divided the perishable products, which include the FAP, into products with stochastic or fixed life cycles.
With regard to the research on ordering FAP supply chain, most scholars consider the characteristics of freshness. Shen et al. (2011) studied the ordering strategies of retailers on the prediction of member cooperation in a two-level supply chain composed of suppliers and retailers. The authors suggested that the prediction of cooperation reduces the cost of the supply chain. Lee and Dye (2012) focused on the optimal ordering strategy and optimal investment of retailers in preservation, wherein goods are partly in short supply, and demand depends on inventory. Sana (2010) studied the optimal ordering strategy within the multi-product inventory model based on previous research, in which demand depends on the work of retailers.
A considerable amount of research on the pricing of FAP supply chain focuses on freshness, and offered optimal strategies regarding quality and quantity wastage. For example, Qin et al. (2014) investigated pricing and decision of batch ordering, and suggested that demand is correlated to quality, price, and retailer inventory. They also offered optimal strategies regarding quality and quantity wastage. Cai and Zhou (2014) researched on the distribution of multiple fresh produce; they found that compared to domestic sales, international sales are easily disturbed by basic transport networks. Thus, they explored export waiting time and pricing from the perspectives of order and stock manufacturing.
But all of studies did not consider how to control freshness in actual production, how to catch timely change information of product freshness, the relationship between the freshness and control cost and influence to the optimal freshness.
Supply chain coordination
Members of the supply chain pursue the maximization of their respective interests, and the target is often conflict; thus, the coordination of the operational strategy between the members becomes difficult (Choi and Cheng, 2011) . The method of coordinating the supply chain has become one of the leading issues in the supply chain management research. Supply chain coordination is the key to supply chain cooperation, and the supply chain coordination mechanism is designed to improve the overall efficiency of the supply chain system (Arshinder et al., 2011) . Yang and Zhao (2011) explained that a contract is a common and effective supply chain coordination mechanism that has been extensively studied in recent years. A proposed contract is based on two key mechanisms: additional ordering cost for the retailer and price discount offered by the supplier to the retailer (Bellantuono et al., 2011) . Höhn (2010) explained that a supply chain contract can be divided into four main types: wholesale price, buy back, revenue-sharing, and quantity flexibility contracts. Wholesale price and buy back contracts are the most common types of contracts; whereas revenue-sharing and quantity-flexibility contracts study member income and product quantity, respectively, which are the core content in the supply chain. A revenue-sharing 1844 IMDS 117,9 contract plays a good role in reducing the conflict between suppliers and retailers (Zhang et al., 2012) . However, this contract is only a share of revenue but not a cost-sharing contract to constraint; scholars mainly focused on the industrial supply chain coordination with revenue-sharing contract or improved it (Krishnan and Winter, 2011; Ouardighi, 2014) . Lohmann (2010) compared the optimal solutions of buy-back strategy, joint pricing strategy, and earning sharing strategy in his research on supply chain coordination given the demand under the influence of pricing and retailer work. In comparison, earning sharing is more realistic than buy-back, because the temporary freshness of produce leads to a near-zero value of unfresh produce, which is unsuitable for buy-back.
Supply chain management in IoT
IoT is a network of real-world objects linked by RFID, infrared sensors, and global positioning system (GPS) to exchange information and communication, as well as achieve intelligent recognition, positioning, tracking, and monitoring management. Voigt and Inderfurth (2011) and Al-Busaidi et al. (2016) explained that IoT management models provide supply chain information, integrated resources, breakthrough barriers, and effective information that supports platforms for enterprises. Li et al. (2016) integrated the wireless sensor network into IoT for military sensing and tracking, target tracking, and environment monitoring. Maralit et al. (2013) determined that food traceability provides a robust method of assessment for species identification and authenticity testing of commercial fishery products. Tendyck (2015) considered that information on the numerous potential automotive applications improved keyless entry systems and connected applications in vehicles, such as driver's health monitoring and vehicle controlling.
The supply chain in the IoT environment can achieve intelligent production cultivation and real-time control in transit, safety and quality management, and traceability, thereby reducing the rate of damage incidents and ensures the supply chain information sharing. It is conducive to the coordination of the supply chain (Yan et al., 2016) . In addition, the security management of FAP demands customer health protection, social stability, and efficient operation of the FAP supply chains. The introduction of IoT improves the approach and efficiency of the quality supervision department of the government, as well as guarantees the integration of quality management inside the FAP supply chain in the aspect of information and technology. Studies on the combination of IoT and supply chain management are limited, with the exception of RFID technology, which is extensively used in IoT. For example, RFID technology has been used in the manufacturing industries to create an RFID-enabled ubiquitous environment, where ultimate real-time advanced production planning and scheduling are achieved with the goal of collective intelligence (Zhong et al., 2015) . Lu et al. (2016) demonstrated that automated guided vehicles' positioning could be enhanced through RFID technology. Ruiz-Garcia and Lunadei (2011) discussed the opportunity and challenge of the FAP supply chain based on RFID technology. Grunow and Piramuthu (2013) studied the application of RFID technology in the FAP supply chain. However, most studies focused on RFID utilization to shorten supply lead time, improve ordering accuracy, and reduce the error rate and loss of inventory in the FAP supply chain (Rekik et al., 2009; Heese, 2011) . These studies have failed to consider how the use of the IoT technology affects the supply chain coordination with the overall profit of the supply chain.
Many studies have focused on the supply chain coordination of FAP and IoT in the field of agricultural products. However, most of these studies focus on either the supply chain coordination or IoT engineering applications. The traditional revenue-sharing contract considers only income sharing but lacks cost sharing. Thus, the current study combines these elements and introduces IoT into the FAP supply chain. This study uses a three-level supply chain that comprises a manufacturer, distributor, and retailer in IoT as the research objects to consider the coordination problem of the supply chain under the condition of price and freshness, thereby affecting the market demand. Moreover, this study determines the 1845 Three-level supply chain coordination optimal solution when the supply chain achieves maximum profit in the three types of decision-making situations: centralized, decentralized, and revenue-sharing contracts. The current study also establishes the profit distribution model based on the improved revenue-sharing contract, which considers cost sharing and calculates the contract parameter range of the FAP supply chain. This study also analyzes the meaning of the applications of IoT in FAP supply chain and proposes coordination strategy based on the revenue-sharing contract. This work is of theoretical and practical significance because it explores the applications of IoT in the supply chain of FAPs.
Model descriptions and introduction of symbols
The three-level FAP supply chain comprises a manufacturer, distributor, and retailer. Figure 1 shows the FAP supply chain model that operates without IoT. The manufacturer is the farmer or agricultural producer cooperatives. The retailer, such as agricultural cooperatives, orders FAP from the distributor, and the distributor orders from the manufacturer based on the retailer's order. Verdouw et al. (2016) described that under decentralized decision making, only the retailer understands the market demand, and the distributor merely obtains information from the retailer. Similarly, the manufacturer can speculate the market demand based on the information from the distributor because the information flow of the supply chain is unidirectional (Yu and Nagurney, 2012) . The supply chain information system can achieve supply chain information sharing under a centralized decision making.
However, Yan et al. (2015) pointed out supply chain informatization and intellectualization have not been well achieved. This problem can be addressed if IoT is introduced into the supply chain management (see Figure 2 ). In IoT, the retailer orders from the distributor, and the distributor orders FAP from the manufacturer based on the retailer's order. IoT ensures intelligent production, transportation, distribution, sales testing, traceability, and other supply chain activities (Al-Busaidi et al., 2016; Ruiz-Garcia and Lunadei, 2011) . By connecting with the information systems of government regulators, the supply chain information system achieves supply chain information sharing and ensures efficiency in all aspects of the quality inspection of FAP, as well as the publication and query of quality information on FAP.
IoT has many benefits, although it inevitably brings additional cost, such as maintenance and label use (the core cost). Whether the FAP supply chain can be coordinated again in IoT is a problem worthy of attention. This study mainly explores a three-level FAP supply chain in IoT. This supply chain comprises a manufacturer M, distributor D, and retailer R. A singlecycle model and retailer order at the beginning of the sales cycle is considered.
The following assumptions are provided:
(1) Supply chain business transactions are limited to the upstream and downstream of the supply chain, and the manufacturer is unable to supply directly to retailers.
(2) θ is the freshness factor for FAP, which decreases with the increase of transit or storage time. Transportation from the manufacturers to distributors is often by bulk, and transportation time is stable. Lin et al. (2011) 
is the function of freshness, where t 0 is the transit time from the manufacturers to distributors, T is the life cycle of FAPs, and t is the transportation delivery time from the distributors to retailers.
(3) The freshness of agricultural products affects market demand. The demand of FAP is considerable when the freshness quality is high. Therefore, the retailers have good sales.
(4) To ensure the freshness of each batch of FAP, the retailer should bear the cost of freshness control c(θ), and c′(θ)W0, c″(θ) W0. The manufacturer bears the cost of FAP by using IoT, which includes the cost of hardware, middleware, and software; cost of maintenance; and an RFID tag. In the improved revenue-sharing contract, the cost of freshness control, which is α⋅c(θ) and β⋅c(θ), where α + β ¼ 1, is shared by the retailer and distributor.
(5) This study analyzes FAP, which has a short life cycle, without considering the cost of inventory. The surplus product salvage value of a sales cycle is 0. The cost of fixed facilities, such as IoT, is not considered because its application is constant and does not affect decision making. All decision makers are risk neutral and rational without regard to stock losses.
Nomenclature shows the other variables used in the model. Moreover, I represents the centralized decision-making supply chain, S represents the decentralized decision-making supply chain, and C represents the decentralized decisionmaking supply chain under contract. In the centralized decision-making supply chain, the manufacturer, distributors, and retailers are consistent with the interests; the optimal order quantity under the stochastic demand of the market is determined to maximize the total profit of the FAP supply chain. In the decentralized decision-making supply chain, the manufacturers, distributors, and retailers are different decision makers who maximize their respective profits. However, in the decentralized decision-making supply chain under contract, the retailers obtain the products with low wholesale prices from the distributor but share a certain percentage of the proceeds with distributors. Moreover, distributors share a certain percentage of their income with the manufacturer to obtain low wholesale price. Three-level supply chain coordination
Supply chain coordination of FAP in IoT
The introduction of IoT provides technical support for tracking and tracing the path of FAPs in the supply chain, improves supply chain operational efficiencies in the following methods, and reflects the sustainable development of agriculture:
(1) Intelligent production and cultivation: the production and cultivation of FAPs are the sources of the entire supply chain. The application of IoT monitors the growth environment of FAPs (including temperature, humidity, light, soil pH, and fertilizer concentration) for real-time adjustment and whether the acts of production (e.g. application of fertilizer and pesticide) reduce soil contamination to a minimum. Moreover, IoT substantially maintains soil fertility.
(2) Control of cold-chain logistics in transit: IoT is used in FAPs' cold-chain logistics process to monitor the status of vehicles in transit and identify the security of drivers through GPS, geographic information system, and identification systems.
IoT also ensures that information on door control, compartment environment, and status of FAPs can be collected and controlled in real-time RFIDs and wireless sensor networks to guarantee the safety of FAPs in transit. During these processes, the waste of resource would achieve the minimum state with the least environmental cost and obtain the optimal allocation of the resource.
(3) Management and traceability of quality and safety: the quality and safety management of FAPs in IoT includes external supervision from government departments and the supply chain internal control. Government regulators strengthen the quality safety supervision of FAPs by arranging the IoT facilities, including sensing devices, RFID devices, and video surveillance equipment, and network in the inputs, thereby producing an environment, production processes, packaging, labeling, and market access. However, the supply chain member uses IoT to arrange production following the quality and safety standards of FAPs to control the ecological environment for growth, coldchain transport environment, and inventory environment of FAPs to ensure quality and high yield.
Model
The function of the market demand is x ¼ y( p, θ) + η, p ∈ (c, p 0 ), θ ∈ (θ 0 , 1), where p 0 is the maximum retail price, that is, sales y(p 0 , θ) ¼ 0, when the retail price is equal to p 0 ; and θ 0 is the lowest freshness quality of FAP that customers can accept when θ o θ 0 , y(p, θ) ¼ 0.
Assuming that the demand function in the form of addition is y(p, θ) ¼ a + k⋅θ−l⋅ p (He et al., 2009) , in which a, k, l W 0, the cost function of controlling freshness during transport is set to c(θ) ¼ (σθ 2 )/(2), σ W 0 (Lohmann, 2010) . η is a random factor, which means that apart from price and freshness, other factors (e.g. policy, consumption concept, and anti-factors that influence the market demand) are not emphasized in this study. Moreover, η follows an exponential distribution.
Thereafter, the expected FAP sales amount is expressed as follows:
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4.2 Decision analysis of supply chain under the condition of centralized decision making The manufacturer, distributor, and retailer are consistent main bodies under a centralized decision making. A unique decision maker in the FAP supply chain determines the optimal order quantity based on the market's stochastic demand. The supply chain determines the optimal order quantity q and selling price p by arranging the production, transport, and distribution to earn the best overall profit. Therefore, centralized decision making does not consider transfer payments among the members of the supply chain, and the total profit of the FAP supply chain is as follows:
The total profit comprises four parts: sales revenue p S( p, q, θ), the cost of ordering and producing (c 1 + c 2 + c 3 )⋅q, costs of the IoT maintenance and RFID tag ρ⋅[c 6 + c 7 + c 8 + c 5 ⋅(1−g)]⋅q, and cost of control freshness c(θ).
where ρ is the technical complexity of the IoT application. If an average of 20 units of products use the RFID tags, then the technical complexity of the IoT application is 1/20. Assuming c ¼ c 2 + c 3 + c 4 + c 1 , the following equation is as follows:
By calculating the second-order partial derivative of the total profit on freshness θ, order quantity q, and retail price p, we can obtain (
showing that π I is a strictly concave function to θ, q, and p. That is, the optimal solutions for θ, q, and p exist. Assuming p n I ; y n I ; q n I À Á is the solution, the total profit of the optimal supply chain is as follows: 
The optimal order quantity of the centralized decision making is calculated by using the following equation as follows:
is solved, such that a unique optimal solution freshness θ I * and retail price p I * exist to satisfy (∂π I )/(∂θ I *) ¼ k( p−c)−σ⋅θ I * ¼ 0 and
. These values are substituted into π I :
We can determine:
Three-level supply chain coordination Determining the optimal retail price is easy:
The requirements of the supply chain coordination show that the supply chain contract could coordinate the supply chain and further achieve the best whole FAP supply chain when the demand is affected by price and freshness. The order quantity and sales price achieve coordination and satisfy Equation (4).
Optimal decision of non-contractual supply chain under a decentralized decisionmaking condition
Under a decentralized decision-making condition, the retailer determines the order quantity q based on the random market demand; the distributor maximizes profits only when he/she fulfills the order quantity q of the retailer. The distributor orders q units of FAP from the manufacturer with the wholesale price of w 2S and determines the appropriate wholesale prices w 1S to maximize his/her own profit. The manufacturer has to meet the distributor demand and determine the wholesale price w 2S to maximize his/her own profit. Therefore, the profits of the retailer, distributor, and manufacturer are calculated as follows under a decentralized decision making:
The optimal order quantity of the non-contract supply chain under the condition of a decentralized decision making should be based on the derivation process of a centralized decision making as follows:
Proof: see the Appendix. We could further determine the optimal profit p n RS and p n DS of the supply chain members. We determine the relationship between the optimal order quantity q n I of the supply chain under a centralized decision-making condition and the optimal order quantity q n S of the decentralized supply chain under a decentralized decision-making condition by comparatively analyzing Equations (7) and (5). The wholesale price w 1S must be larger than the sum of the order price of the distributor and cost of the manufacturer, including the production and maintenance costs of using IoT per unit because the distributor must earn a 1850 IMDS 117,9 profit, c 1 + w 1S W c ¼ c 1 + c 2 + c 3 + c 4 , such that 1−c/p W 1−(c 1 + w 1S )/p is positive. Thereafter, we obtain q n I 4q n S (F −1 (x) is an increasing function), that is, the optimal order quantity q n s of the decentralized supply chain under a decentralized decision-making condition is less than the optimal order quantity q n I of the supply chain under a centralized decision-making condition. Moreover, the decentralized decision-making strategy could not achieve supply chain coordination.
Optimal decision of the supply chain based on improved revenue-sharing contract under a decentralized decision-making condition
Benefit sharing and cost sharing are considered in the improved revenue-sharing contract. Assumption 4 states that the cost of freshness control, which is α⋅c(θ) and β⋅c(θ), where α + β ¼ 1, is shared by the retailer and distributor. The retailer will return 1−φ 1 proceeds to the distributor. The retailer acquires FAP with a low wholesale price w 1 after obtaining 1−φ 1 proceeds of the retailer. The distributor would obtain a low wholesale price w 2 from the manufacturer and share the 1−φ 2 proceeds with the manufacturer as a return. By combining this condition with Assumption 4, we can obtain the profit function of the supply chain based on an improved revenue-sharing contract under a decentralized decision-making condition as follows:
where R C ¼ p⋅S(p, q, θ) is the sales revenue of the retailer. We can obtain the optimal order quantity q n RC based on the centralized decision-making derivation process:
Proof: see the Appendix.
Theorem 1. When:
the improved revenue-sharing contract could coordinate the supply chain to achieve the best supply chain.
Proof: see the Appendix. The preceding analysis emphasizes that the revenue-sharing contract realizes the coordination of the supply chain of FAPs, that is, the overall optimum of the supply chain. The revenue-sharing contract has two goals. First, the revenue-sharing contract aims to achieve the result that the optimal solution for the supply chain is the Nash equilibrium of decisions made by enterprises in the supply chain. That is, the supply chain achieves the highest profit as manufacturers, distributors, and retailers pursue the highest interests. Moreover, no enterprise in the supply chain is able to achieve considerably high interests without the loss of interest of the other members in the same supply chain. Second, the revenue-sharing contract aims to achieve the result that members in the supply chain 1851 Three-level supply chain coordination achieve higher interests than that without any contract by setting the proper contract parameters under the coordination of the supply chain.
The following equation is easy to deduce from Equations (3) and (8), w 1C , and w 2C :
Thereafter, we combine Equation (8), α ¼ φ 1 , and β ¼ 1−α ¼ 1−φ 1 to determine the relationships among the profit of the retailer, profit of the distributor in the contractual supply chain, and optimal profit under the centralized decision making by using the following equation:
Theorem 2. After the supply chain based on the improved revenue-sharing contract obtains the overall coordination, the profit of each member of the contract supply chain is not less than the profit of each member in the non-contractual supply chain when the revenue-sharing contract parameters satisfy the inequalities:
Thus, the supply chain achieves the Pareto optimality. Proof: see the Appendix.
We can obtain y n I , q n I , and p n I . Equation (10) presents that we can determine the optimal profit of each member in the supply chain based on the improved revenue-sharing contract. Moreover, we can obtain the optimal transportation time t n I ¼ T ffiffiffiffiffiffiffiffiffiffiffi 1Ày n I q Àt 0 from the distributor to the retailer based on the relationship between the optimal fresh factor and time θ(t) ¼ 1−(t + t 0 ) 2 /T 2 .
Case analysis
The case mainly aims to prove that the improved revenue-sharing contract can coordinate the three-level FAP supply chain in IoT. Moreover, the effect of the demand price elasticity and transit time on the supply chain profit is analyzed and verified, and the results are discussed. The theoretical results are applied to practical cases, which can solve the actual problem of the FAP supply chain coordination and further improve the interests of enterprises and the quality of life of people.
Foshan Jushi Agricultural Development Co., Ltd is one of the leading agriculture enterprises that includes aquaculture, processing, and sales, as well as a modern agriculture demonstration base and IoT application research unit for the agricultural products supply chain of safety traceability. This company handles the intelligent management of Mandarinfish in IoT. With the help of RFID and sensors that monitor and record water temperature, humidity, and fish feeding, the information is shared in the entire supply chain 1852 IMDS 117,9 through the internet. Each member can adjust the strategy in a timely manner. Since the implementation of IoT, the annual output of Mandarinfish has reached 5,000 tons, and most of them have been exported to the USA and European markets.
This study obtained the historical aquaculture sales data of Mandarinfish in July 2015 and the empirical data that adopted IoT from our cooperation company in Foshan City. The survey data show that the Mandarinfish sales cycle is at least one day, that is, the supplier delivers the products to the retailer daily. The customer feedback information shows that the minimum Mandarinfish freshness that customers could accept is 0.3. The freshness impact on sales is linear and stable when the Mandarinfish freshness is above 0.3. The parameters are as follows (price unit: USD per kg):
(1) The preceding data indicate that the various parameters of the FAP supply chain under different decision-making conditions are determined (see Table I ). The overall profit improved by 5.5 percent after the supply chain in IoT adopted the improved revenue-sharing contract, thereby indicating that this contract can coordinate the supply chain. However, the retail price of the non-contractual supply chain under a decentralized decision-making condition is higher than the retail price of the supply chain under a centralized decision-making condition. However, the freshness or order quantity demonstrated the opposite relationship, that is, the optimal order quantity q n I 4q n s and the optimal freshness y n I 4y n S . The optimal retail price p n I op n S indicates that the non-contractual supply chain under a decentralized decision-making condition could not coordinate the supply chain. Under the improved revenue-sharing contract, relationships between the wholesale prices of distributors or manufacturers and the revenue-sharing factors of retailers or distributors are shown in Figures 3 and 4 , respectively. The two figures indicate that a positive correlation exists between wholesale price and revenue-sharing factor, that is, wholesale price increases as revenue-sharing factor increases. However, wholesale prices under the improved revenue-sharing contract are lower than those without any contract, which is the mathematical constraint and Three-level supply chain coordination also the inherent requirement for the supply chain based on the improved revenuesharing contract.
(2) Table I shows that the profit of each member in the supply chain based on the improved revenue-sharing contract depends on the revenue-sharing coefficients φ 1 , φ 2 . From Theorem 2, we determine that (see When φ 1 , φ 2 are in the shaded area, the profit of every member in the supply chain based on the improved revenue-sharing contract is not less than the profit of each member of the non-contractual supply chain. The contractual supply chain achieves the Pareto optimality. All the supply chain members benefit as long as the revenue-sharing coefficients (φ 1 , φ 2 ) are within the shaded area in Figure 5 . This range is conducive to the design of the improved revenue-sharing contract and the negotiation between the upstream and downstream enterprises of the supply chain.
(3) Equation (10) shows the relationship between the profits of the contractual supply chain members and revenue-sharing coefficient. Under the premise that the supply chain total profit is certain, the retailer profit is determined only by the retailer sharing coefficient. The profits of the distributor and manufacturer are dependent on the sharing coefficients of the retailer and distributor. We determine the several different combinations of the revenue-sharing coefficients in the range shown in Figure 5 and calculate the profit of each supply chain member. We obtain a set of data by setting different revenue-sharing coefficients (see Table II ). The relationship between the profits of the supply chain members and revenuesharing coefficient is shown in Figures 6-8 . The relationship between the retailer's profit and the coefficient φ 1 is linear (see Figure 6 ). The profits of the distributor and manufacturer are jointly determined by the gain share coefficients of the retailer φ 1 and distributor φ 2 , which are illustrated in Figures 7 and 8 
Three-level supply chain coordination
The retailer's profit is determined by its own revenue-sharing coefficient (see Figure 6 ) and a high-profit sharing coefficient of the retailer corresponds to a high profit.
In the range of the revenue-sharing coefficient, the profit of the distributors decreases as the retailers' profit sharing coefficient increases (see Figure 7) . However, the distributor's profit increases as the distributor's revenue-sharing coefficient increases.
The manufacturer's profit decreases with the increase of the revenue-sharing coefficient of the retailers and distributor (see Figure 8 ). The revenue-sharing contract shows that high ϕ 1 and ϕ 2 correspond to limited benefits distributed to the upstream manufacturer and limited profits for the manufacturer.
(4) The price elasticity of demand has an effect on the supply chain profit. The optimal order quantity of the retailer and optimal freshness of the Mandarinfish pursued by the retailer are smaller when the price elasticity of demand is larger when a set of combined contract parameters is given (see Table III ). All profits of the supply chain members are gradually reduced. The overall supply chain profit also decreases gradually. 1856 IMDS 117,9
(5) Influences of freshness elasticity on profits of supply chain. Given a set of contract parameters and influenced by the inherent constraint of freshness (below 1), the optimal order amount and optimal prices increase as the freshness factor (k, σ) in the supply chain profit function increases. However, the profits of members in the supply chain slightly increase. Accordingly, freshness influences the demand for Mandarinfish in the market and the freshness control cost of Mandarinfish in transit transportation. A negative correlation exists between demand and cost. The freshness of Mandarinfish is not significant for market demand because freshness is within the scope of acceptance of customers. Moreover, the change of the freshness control cost of Mandarinfish in transit transportation has significant influence on control cost. The optimal profit is achieved under the balance of freshness and control cost. Table IV shows that as (k, σ) changes in direction, the total profit changes in the same direction but the change of total profit is minimal.
(6) After determining the revenue-sharing coefficients under the improved revenue-sharing contract, we obtain a set of data that vary with changes in the transportation time to determine how the choices of contract parameters influence the supply chain parameters by setting different transportation times (Table V ) . 
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Three-level supply chain coordination
We determine that the longer transportation time from the distributor to the retailer results in lower freshness, and a lower retail price results in larger order quantities. The total profit shows a decreasing trend.
The relationship between optimal profits and combinations of contract parameters can be achieved. The total profits under different combinations of freshness and prices are shown in Figure 9 . Figure 9 shows that the highest expected profit increases as price and freshness increase within a certain range. A three-dimensional graph showing the relationship between profits and combinations of freshness (or price) and order amount can also be achieved.
Conclusions
This study investigated the FAP supply chain in IoT and constructed the freshness function θ(t) ¼ 1−((t + t 0 ) 2 /(T 2 )). Considering the perishable nature of FAP, we developed the market demand function under the influence of freshness and prices based on the survey results. We analyzed the coordination of a FAP supply chain that comprises a manufacturer, distributor, and retailer based on an improved revenue-sharing contract. The accuracy of the model is verified through a case analysis, thereby providing a theoretical guide for the coordination of supply chains. The main results are as follows:
(1) IoT plays an important role in the FAP supply chain, enhances the quality of FAP, reduces the damage and accident rates, and ensures supply chain information sharing by means of real-time control in transit and safety management. These factors are beneficial to supply chain coordination.
(2) A comparison among the supply chains under three types of decision-making situations indicates that the improved revenue-sharing contract can coordinate the supply chain and benefit all enterprises in the supply chain in IoT. Under a certain combination of revenue-sharing contract parameters, the maximum expected profit of the supply chain can be arbitrarily assigned among the manufacturers, distributors, and retailer. The specific value is decided by the importance and bargaining power of the manufacturer, distributor, and retailer in the supply chain.
(3) The price elasticity of market demand has immense influence on the profit of the supply chain. Through empirical analysis, we determine that the change of the price elasticity of FAPs significantly affects the supply chain profit. With the increase of the price elasticity, market demand, optimal order quantity, and freshness are gradually reduced, thereby decreasing the maximum expected profit of the supply chain as well. Moreover, the profits of all supply chain members, regardless of manufacturers, distributors or retailers, are gradually reduced; thus, the reasonable pricing is important in the sale of FAPs. Enterprises should adjust their decisions according to the change of market demands to maximize profits when managing.
(4) We concluded through the further analysis of the optimal profit that the optimal profit decreases with the increase of transit time and freshness reduction. Moreover, guaranteeing that FAP is smooth and efficient in transportation is necessary to obtain substantial profits. Furthermore, the transit time and environment need to be controlled strictly to create an efficient logistics chain, which is supported by using the IoT technology.
However, this study only considered the transport time t between the distributors and retailer and regarded the bulk transportation time t 0 as a constant between the manufacturer and the distributor in the freshness of the demand function. We also assumed that the freshness control cost is undertaken by the retailer and distributor. We attempted to regard t 0 as a variable and analyzed the coordination when the freshness control cost of the entire process is undertaken by different supply chain members. Huge fresh produce wastage has always been a challenge for the business. It is way much easier to have a qualitative description on wastage than to have a quantitative one. Using IT to quantify the research is a doable solution. Note that the function expression of freshness is the vital base on which this paper rely. Since freshness is an ambiguous concept, determined by people through things like product appearance, color, there is not yet any standard technique or approach for identification, making it one of the directions for future research.
We also studied the coordination of the FAP supply chain in IoT and information symmetry. In the future, we will further discuss coordination based on the improved contract constraints in IoT and emergent events.
◼ Proof of Theorem 1. To enable the improved revenue-sharing contract to coordinate the supply chain, the optimal solution of the improved revenue-sharing contract supply chain must be equal to the optimal solution of the supply chain under the centralized decision-making condition. That is, q n RC ¼ q n I ; p n RC ¼ p n I ; y n C ¼ y n I . Determining the second-order partial derivatives on the order quantity, retail price, and freshness of the retailer profit is easy based on the centralized decision-making derivation process. All the second-order partial derivatives are below 0, and the profits of the retailer are the concave function of retail price and freshness. When the retailer obtains the optimal profit, the optimal solution q n C ; p n C ; y n C À Á needs to meet the partial derivative requirements of π RC with the order quantity, retail price, and freshness equal to 0. That is: 
By comparing Equations (A17) and (4), we know that q n RC ¼ q n I when w 1C ¼ φ 1 ⋅(c 2 + c 3 + c 4 ) + (φ 1 −1)⋅c 1 ; and y n C ¼ y n I when α ¼ φ 1 . The optimal retail price p C * selected by the retailer under the improved 1863 Three-level supply chain coordination revenue-sharing contract must meet the best price in the centralized decision making. That is, the contract parameters change under the improved revenue-sharing contract. The retailer would select the optimal price in the centralized decision making as the retail price. Therefore, the improved revenue-sharing contract can achieve supply chain coordination.
From q n RC ¼ q n I , the order in the profit function of the distributor under the improved revenuesharing contract needs to focus on the order quantity of decision making to achieve supply chain coordination. When the profit of the distributor is optimal, the equation is expressed as follows:
The optimal order quantity q n DC should adhere to the following equation:
A comparison between Equations (A.19) and (5) indicates that determining that q n DC ¼ q n I ¼ q n RC is easy when w 2C ¼ φ 2 ⋅(c 3 + c 4 )−(1−φ 2 )⋅c 2 , which is the proof. ◼ Proof of Theorem 2. To achieve the Pareto optimality of the supply chain, the profit of a member in the contractual supply chain should not be below its profit in the non-contractual supply chain under a decentralized decision-making condition. That is: 
